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Abstract

Introduction: Coronaviruses are important pathogens of humans and animals. At the end of 2019, a new coronavirus
was identified as the cause of a group of pneumonia cases in Wuhan, a city in the Chinese province of Hubei. It spread
rapidly, leading to an epidemic throughout China, followed by a global pandemic.

Objective: to analyze and systematize publications devoted to the study of clinical and laboratory markers of post-
COVID syndrome.

Search strategy: literature search was carried out in the electronic databases PubMed, The Cochrane library, Google
Scholar and e-library by keywords (COVID-19, markers of post-COVID syndrome, variants of SARS-CoV-2, long-term
manifestations of COVID-19, post-COVID complications). Relevant papers reflecting the characteristics of the problem were
accepted for description in the review.

Results: Long-term manifestations of COVID-19 include lesions from the respiratory, cardiovascular, renal, endocrine,
reproductive, central nervous system, gastrointestinal tract and liver, as well as inflammatory, autoimmune and
rheumatological complications, chronic pain, chronic fatigue. Psychiatric/emotional health and well-being suffers, which leads
to a deterioration in the quality of life of patients.

Conclusions: It is extremely important to determine which patients are at risk and which will require long-term follow-up.
There is a great need for strategies regarding screening processes, resource provision, approved care pathways, and
multidisciplinary rehabilitation services.

Keywords: COVID-19, markers of post-COVID syndrome, variants of SARS-CoV-2, long-term manifestations of COVID-
19, post-COVID complications.

Pesiome

MNOCTKOBUAHbLIA CUHOPOM.
OB30P JIUTEPATYPbI

XKanap M. XKXyman6aeBal, AnteiHan M. [loc6aeBa’, Aunyp C. Kpbiknaesal,
Ackap C. Cepukbaest, Kypananu Llll. AmpeHoBal, Anya M. llapanuesBal,
Punat H. Kynanb6eprenost, Konrad Juszkiewicz2, Cabur M. XXycynog3

1 HAO «MeguUMHCKMIA yHuBepcuteT Cemen», r. Cemen, Pecny6nuka Kasaxcran,;
2 MeauvumHckuin yHuBepcuTerT, 1. Jlilo6nuH, MonbLa;
3 Maenopgapckui comunuan HAO «MeauuunHckun yHuBepcuteT Cemein, r. MaBnoaap, Pecny6nuka KasaxcraH.

Beepenue: KopoHaBupychbl SBRSIOTCS BaXHbIMWA NaToreHamu Yenoeeka W XWBOTHbIX. B koHue 2019 roga HOBbIN
KOpOHaBWPYC BbiN MAEHTUULMPOBAH, KaK MPUYMHA TPYMMbl CNYYaeB MHEBMOHUM B YXaHE, Topoge B KUTAWCKON MPOBUHLIMN
Xy6ai. OH BbICTPO pacnpocTpaHuncs, YTo NpUBENo K anuaemun no scemy Kutato, 3a KOTOpoii nocnegosana rnobanbHas
naHaemus.

Llenb: npoaHanuaupoBaTtb W CMCTEMATM3MPOBATL MyOMMKaUMM, MOCBSLLEHHbIE BOMPOCAM  W3yYeHUs!  KITMHWKO-
nabopaTopHbIX MapKePOB MOCTKOBUAHOMO CUHAPOMA.

CrpaTterusi noucka: nouck nutepatypbl Bbin OCyLleCTBREH B 3MeKTpOHHbIX 6asax PubMed, The Cochrane library,
Google Scholar u e-library no kntouesbim cnosam (COVID-19, mapkepbl NOCTKOBUAHOTO cuHApoMa, BapuaHTsl SARS-CoV-2,
pnutenbHble nposieneHnss COVID-19, nocTkoBuaHbIE OCNOXHEHNs). PeneBaHTHble paboTbl, OTpakatoLwme XapakTepucTUKi
npobnembl Bbinn NPUHATLI 4715 ONUCaHMs B 0630pe.

PesynbTtatbl: JnutensHble npossrneHns COVID-19 BKMoYaloT mopaxeHust cO CTOPOHbI AbIXaTeNbHOW, CepaeyvHo-
COCY[UCTOW, NOYEYHOMN, SHOOKPUHHOW, PENPOAYKTUBHOMN, LIEHTPANBHON HEPBHOW CUCTEMbI, KEMYAOUHO-KULLIEYHOrO TPaKTa Y
neyeHu, a TakKe BOCMANUTENbHbIE, ayTOUMMYHHbIE 1 PEBMATONIOMMYECKNE OCTIOXHEHNS, XPOHUYECKYIO 60Mb, XPOHUHECKYIO
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ycTanoctb. MeuxuaTpruyeckoe/amoLmMoHanbHoe 300poBbe M Bnarononyyme CTpagaeT, YTo NPUBOANT K YXYALEHWIO KadyecTBa
KM3HM NALMEHTOB.

BbiBoAbI: KpaitHe BaXHO ONpenenuTb, Kakue NauMeHTbl HAXOASTCS B rpynne pucka, a kakue noTpebytoT AnuTenbHOro
HabnogeHus. CywwectByeT Gonbliasi NOTPebHOCTL B CTpaTersix B OTHOLUEHWW MPOLECCOB CKPUHWHIA, MPefoCTaBNEeHMS
PECYPCOB, YTBEPKAEHHBIX NYTEI OKa3aHUsi NOMOLLM 1 MHOTOMPOMIbHBIX PeaBbUnUTaLMOHHBIX YCRYT.

Knroyeebie cnosa: COVID-19, mapkepbi nocmkoguOHo20 cuHOpoma, eapuaHmbi SARS-CoV-2, OnumenbHble
nposeneHuss COVID-19, nocmkosuOHbIe OC/TOXHEHUS.

Tywingeme

KOBUATEH KEUIHI CUHOPOM.
OAEBUETTEPIE LLONY

Xanap M. XKyman6aeBal, AntsiHan M. [loc6aeBa’, Aunyp C. Kpbiknaesal,
Ackap C. Cepukb6aer’, Kypanawu Llll. AmpeHoBal, Anya M. lllapanueBal,
Punar H. Kypanb6eprenos1, Konrad Juszkiewicz2, Cabur M. XXycynos3

1 KeAK «Cemelt MeguumHa yHuBepcuTeTi», Cemel K., KasakctaH Pecnybnukachil;
2 MeauuuHanbik YHuBepcuTeT, JIlo6nuH K., NMonbua,;
3 «Cewmeit MeauuunHa yHuBepcuteTi» KeAK MaBnoaap dmnnansi, Cemen k., KazakctaH Pecnyb6nukachbi;

Kipicne: KopoHaBupyc agam MeH xaHyaprnap ywiH 6acTbl KosablpfFbiw 6omnbin Tabbinagsl. 2019 xbingsiH COHpIHAA
KOPOHaBMPYCTbIH, XaHa Typi Tabbinbin, KpitaigblH  Xybal NPOBMHUMACHIHBIH, YXaHb KanmacbiHOa MHEBMOHWS
XaFpannapbiHblH, ce6ebi peTiHge aHbiktangbl.On Tes apaga Tapanbin, Oykin Kbirangbl sanugemusra, KeiliH xaxaHablK
naHgemusiFa akengi.

MakcaTtbl: NOCTKOBMA CMHOPOMbIHbIH, ~KIMHWKANbIK X8HE 3epTxaHanblk MapKepriepiH 3epTTeyre apHanfaH
BacbinbiMaapabl Tangay xeHe Xyiieney.

Isgey ctpateruscbl: aaebuettepai isney PubMed, the Cochrane library, Google Scholar xaHe e-library anektpoHap!
OasanapbiHga TyiiiH ce3nep OombiHwa xy3ere acbipbingbl (COVID-19, koBMATEH KediHri cuHopom mapkepnapbl, SARS-
CoV-2 Hyckanapbl, COVID-19 y3ak kepiHicTepi, koBuaTEH KeWiHri ackpiHynap). lWonypa cunatray ywiH MaceneHin,
cunaTTamanapblH KOPCETETiH PeneBaHTThbl KyMbICTap KabbingaHab!.

Hotuxenepi: COVID-19 y3ak mepsimai kepiHicTepiHe ThIHbIC any, Xypek-KkaH Tamblpnapsl, 6ynpek, SHOOKPUHAIK,
PenpOAYKTUBTI, OpTarblK XYMNKE KYMECIHIH, ackasaH-ilLek xonaapbl MeH 6aybipabiH 3aKbiMAaHybl, COHbIMEH KaTap KabblHy,
ayTOUMMYHObl XOHEe PEBMAaTONOrMsAMbIK  ackblHynap, COo3bifiManbl — aybipCbiHy, CO3bIIManbl  aplay aTtagbl.
MewxnaTpusanblk / amouuoHandbl OeHCaynblK NeH om-aykaT 3apgan weredi, 6yn HaykactapdblH ©Mip canacbiHblH
HallapnaybiHa aKenepi

KopbITbIHABI: HaykacTapablH, kaHaail TobbiHa Kayin TeHIN TypFaHbIH XaHe KalicbiChl y3aK 6aKbinayabl KakeT eTeTiHiH
aHbiKTay eTe MaHbi3abl. CKPUHWHITIK YppicTepre, pecypCcTapMeH KamTamacbid eTyre, OekiTinreH kemek kepceTy
OnzapblHa xaHe kencananbl OHanTy KbI3MeTTepiHe KaTbICTbl CTpaTerisnapFa YIkeH KaxeTTinik 6ap.

Tylin ce3dep: COVID-19, kosudmeH keliiHei cuHopom mapkepnapbl, SARS-CoV-2 Hyckanapbi, COVID-19 y3ak
KepiHicmepi, koguOmeH KeliHai acKbIHynap.
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Introduction [70]. The virus that causes COVID-19 is designated severe

Coronaviruses are important human and animal  acute respiratory syndrome coronavirus 2 (SARS-CoV-2); it
pathogens. At the end of 2019, a new coronavirus was  was previously called 2019-nCoV.
identified as the cause of pneumonia in Wuhan, a city in Coronaviruses are enveloped positive-strand RNA
Hubei province. It spread rapidly, followed by an epidemic  viruses. Whole genome sequencing and phylogenetic
throughout China, resulting in a global pandemic. In August ~ analysis have shown that the coronavirus that causes
2020, the World Health Organization (WHO) designated = COVID-19 is a beta-coronavirus of the same subgenus as
COVID-19, which stands for Coronavirus Disease 2019  severe acute respiratory syndrome (SARS) virus (as well as
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several bat coronaviruses). The Coronavirus Study Group
of the International Committee on Taxonomy of Viruses has
proposed designating the virus as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)[21].

The host receptor for SARS-CoV-2 cell entry is the
same as for SARS-CoV, angiotensin-converting enzyme 2
(ACE2)[69]. SARS-CoV-2 binds to ACE2 through the
receptor-binding domain of the spike protein. Cellular
protease TMPRSS2 is also important for entry into SARS-
CoV-2 cells [25].

Objective: to analyze and systematize publications on
the study of clinical and laboratory markers of post-COVID
syndrome.

Search strategy: Literature search was carried out in
the electronic databases PubMed, The Cochrane library,
Google Scholar and e-library using keywords (COVID-19,
markers of post-COVID syndrome, SARS-CoV-2 variants,
long-term  manifestations of COVID-19, post-COVID
complications). The search depth was 12 years; however,
more distant indexing dates were taken to characterize the
evolution of diagnostics. Relevant papers reflecting the
characteristics of the problem were accepted for description
in the review.

Sources were selected according to the underlying
context of the study. Preference was given to publications in
peer-reviewed journals. At the first stage, a general array of
articles was selected, from which the most relevant ones
were filtered by keywords and context.

Inclusion Criteria: reports on randomized and cohort
studies conducted on large populations, full versions of
articles, dissertations, diagnostic protocols in Russian and
English with open access. The search for information was
carried out by keywords.

Exclusion Criteria: articles, abstracts and scientific
publications describing individual cases, summaries of
reports, personal messages and abstracts. During the
search, 76 sources were found.

Research results and discussion

Post-COVID-19 syndrome, Long COVID, post-acute
sequelae of COVID-19, PASC, chronic COVID syndrome,
CCS, long-haul COVID [9, 71]) — consequences of the
novel coronavirus infection (COVID-19), in which up to 20%
of people who have had a coronavirus infection suffer from
long-term symptoms lasting up to 12 weeks and in 2.3% of
cases longer [57, 72].

Postcovid syndrome is included in the International
Classification of Diseases (ICD-10) [73], category code
U09.9 Post-COVID-19 condition, unspecified, also including
post-COVID condition [74].

Observational studies conducted among different
populations (USA, Europe and Asia) have identified varying
proportions of persistent symptoms following SARS-CoV-2
infection. Early studies have provided evidence of persistent
COVID effects reporting short-term outcomes spanning the
post-acute phase (4-12 weeks) of COVID-19 [3, 10, 13, 38,
47, 50, 51, 75, 76], larger cohorts with longer follow-up
periods (over 12 weeks) illustrating the multisystem
manifestations of so-called “long-term” or “chronic” COVID
[20, 26, 63].

Eight retrospective and four prospective studies
examined the post-acute and long-term effects of COVID in
various  populations  with  respect to ethnicity,
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inpatient/outpatient settings, disease severity (patients with
mild, moderate, and severe COVID-19). Of these nine
studies, the focus was on the post-acute phase, with a
median follow-up of 32 days after discharge to 83 days
(interquartile range 74-88) after hospitalization. Three
studies provided data for 12 weeks with a mean follow-up
ranging from 97 days (median, IQR 95-102) after discharge
to 186 (IQR 175-199) after symptom onset.

The proportion of persistent symptoms varied
significantly between studies. The highest proportion of
post-acute COVID syndrome, 84.7%, was reported in an
ltalian study of 143 hospitalized patients, 20% of whom
required non-invasive or invasive ventilation [51]. The most
common symptoms were fatigue (53.1%), shortness of
breath (43.4%), joint pain (27.3%), and chest pain (21.7%).
A prospective UK study of 110 consecutive hospitalized
patients reported a high proportion of persistent symptoms
of 74% [3]. The most common symptoms were shortness of
breath, excessive fatigue, and disability. The largest study
reporting on post-acute COVID syndrome included 1409
patients admitted for home health care [76]. The most
common symptoms included 42% pain, daily or constant,
84% shortness of breath with any exertion, 50% anxiety
symptoms, and 47% confusion. Fatigue was the most
common symptom reported in various studies, ranging from
30% to 72%, followed by shortness of breath, cough,
confusion, memory loss, persistent pain, headache, joint
pain (arthralgia), chest pain, anosmia, ageusia, palpitations,
anxiety, depression, sleep problems, gastrointestinal
symptoms, and hair loss.

In three studies (China and France), chronic or long-
term COVID syndrome was reported: sleep problems -
23%, anxiety or depression - up to 29%, acute renal failure -
in 13% of patients in the acute phase [26]. Another study
including 538 patients (39% of them with critical or severe
iliness) showed that 49.6% of patients had at least one
symptom during follow-up, with 28.3% reporting
deterioration in physical condition or fatigue, 39% - difficulty
breathing, 21.4% - shortness of breath, 14.1% - chest
discomfort, 12.3% - pain, 7.1% - cough, 13% -
cardiovascular complications, 23.6% - increased sweating
and 18.6% alopecia [20].

Clearly, symptom reporting rates should be considered
in terms of selection bias, as most of the studies were
retrospective with small sample sizes and included
hospitalized patients with varying severity of COVID-19.
Future prospective population-based studies are needed to
provide a reliable assessment of long-term COVID
syndrome in the general population.

The lungs are the organ most likely to be seriously
damaged by COVID-19 [1, 49]. Even in patients with mild
symptoms, there may be lung involvement on computed
tomography and persistent changes in lung function [15, 18,
23, 28, 49, 51, 56, 59, 63, 68]. Impaired lung function
(restrictive disorders, reduced diffusing capacity, obstruction
of small airways) were detected both early and later (2-12
weeks) after discharge [8, 19, 49, 56, 65, 66]. However, the
most severe complication is pulmonary fibrosis (LF), and
fibrotic changes are detected as early as 3 weeks after the
onset of symptoms, regardless of the severity of the acute
disease [28, 41, 42, 55, 60, 67]. LF has also been observed
in severe illnesses caused by other coronaviruses (SARS
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and Middle East respiratory syndrome) [32, 61]. Potential
predictors of LF in COVID-19 include older age, severe
disease, elevated D-dimer levels of lung disease, acute
respiratory distress syndrome (ARDS), history of pulmonary
or cardiovascular disease, prolonged mechanical
ventilation, smoking, and chronic alcoholism.

There are several mechanisms that may be involved in
acute and long-term injury after COVID-19, including injury
associated with hypoxia and mechanical ventilation, tissue
destruction due to uncontrolled release of cytokines and
activation of the immune system, direct pneumocyte
apoptosis due to ACE2 mediated viral invasion, surfactant
inactivation, microvascular and thrombotic diseases, and
endothelial dysfunction. An isolated decrease in diffusing
capacity in a few patients also points to SARS-CoV-2-
induced vascular injury; Pulmonary hypertension with or
without evidence of thrombosis has been reported.
Polymorphisms of ACE2, the entry receptor for SARS-COV-
2, may also predispose to lung injury after COVID-19.
Although persistence of the virus in lung tissue is not
thought to be the cause, persistence of virus-infected
syncytia-forming cells may play a significant role. SARS-
CoV-2 induced proinflammatory and profibrotic cytokines
[64] are overproduced during acute and subacute COVID-
19, while the homeostatic mechanisms of lung repair are
deregulated, leading to the development of LF; antiviral
interferons impair lung recovery, further increasing disease
severity [35].

Accumulating  evidence indicates that cardiac
complications associated with COVID-19 may occur or
persist weeks or months after infection resolves [5]. Among
COVID-19 survivors, 5-29% complain of chest pain,
shortness of breath, or palpitations after recovery, even 6
months after acute infection [26]. Late cardiac magnetic
resonance (MRI) findings suggestive of subacute
myocarditis have also been reported in COVID-19 [27, 39,
40, 45, 53]. Although persistence of SARS-CoV-2 in
myocardial tissue or myocardial inflammation after recovery
may explain these findings, histological data are lacking.
After 24-71 days, MRI studies suggest the presence of
inflammation or scarring of the myocardium in 15-60% of
patients, even in those who had no symptoms or only mild
symptoms of acute illness. These results correlated with
troponin levels [45] and inflammatory markers such as C-
reactive protein, leukocyte count, and procalcitonin,
suggesting a role for inflammation in myocardial tissue
abnormalities [47].

Late cardiovascular complications have been found in
80% of children with multisystem inflammatory syndrome
associated with SARS-CoV-2 infection. Considering that
other viral infections may exacerbate atherosclerotic events
due to increased inflammatory and procoagulant load [46],
these observations have led to the hypothesis that
endothelial dysfunction may play a key role in the late
cardiovascular complications of COVID-19, which is
currently.

Despite the relative absence of studies investigating the
long-term effects of SARS-CoV-2 on the cardiovascular
system, existing evidence suggests an increased incidence
of serious adverse cardiovascular events in recovered
patients with COVID-19 after a median follow-up of 140
days [30]. In another study, consistent with previous data on
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subacute complications, myocardial injury was detected in
30% of patients at 3 months of follow-up after COVID-19
infection. In addition, postural orthostatic tachycardia
syndrome has been observed in recovered patients
experiencing significant disability even 6-8 months after
acute infection [4].

There is cumulative evidence that COVID-19 affects
brain function and may exacerbate the course of
neurodegenerative and neuroimmune processes or
neurological manifestations of systemic and non-specific
inflammatory effects [17, 24]. Global CNS dysfunction due
to microglia activation, persistent neuroinflammation,
neuroimmunity dysregulation, and hippocampal atrophy is
well known in critical conditions (eg, sepsis) [12, 29, 58].
Prolonged stay in the intensive care unit, mechanical
ventilation, prolonged exposure to sedatives, sepsis,
systemic inflammation, pre-existing cognitive dysfunction,
neurological injury, and delirium increase the risk of
cognitive decline and neurological complications after
ARDS [48, 54]. Long-term consequences in patients with
early neurological complications such as encephalitis or
stroke on the background of acute COVID-19 can lead to
serious complications - lifelong disability requiring long-term
rehabilitation [17, 22, 43]. In addition, immunomodulatory
drugs, such as corticosteroids, used in the acute phase of
COVID-19 often have CNS side effects, including cognitive
and sleep disturbances, deliium, and psychiatric
manifestations, although symptoms disappear after taking
the drug [58]. The most common self-reported neurological
symptoms following COVID-19 include headache, vertigo,
dizziness, anosmia, ageusia, hypogeusia, dysgeusia,
insomnia, memory impairment, and decreased ability to
concentrate (“brain fog”). Less common late manifestations

include ischemic  stroke, intracranial hemorrhage,
encephalitis,  encephalopathy,  seizures,  peripheral
neuropathies, and autoimmune acute demyelinating

encephalomyelitis. CNS involvement is not specific to
SARS-CoV-2, as several post-acute and prolonged
neurological manifestations have been reported during
pandemics of influenza and other coronaviruses (SARS,
MERS). Direct neuroinvasion, neuronal damage secondary
to tissue hypoxia or inflammation, local dysregulation of the
cytokine network, and disruption of the integrity of the
blood-brain barrier with subsequent transmigration of
infected immune cells have been postulated as
pathophysiological mechanisms underlying long-term
neurological consequences after coronavirus infections [37,
62).

A retrospective cohort study of 236,379 US patients
found that the estimated incidence of neurological or
psychiatric diagnoses over the next 6 months after COVID-
19 was approximately 33%, with 12% of patients newly
diagnosed with neurological or psychiatric disorders. The
estimated incidence was even higher, approximately 46%,
in critically ill patients admitted to the intensive care unit.
Interestingly, most diagnostic categories were more
common in COVID-19 patients compared to influenza
patients (prone to microthrombi and cerebral structural
changes in the hippocampus, islets, and partial white
matter) [34, 37, 43]. Not surprisingly, older patients are
more prone to long-term neurocognitive complications.
Parkinsonism-like symptomatology has been reported as a
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late onset of influenza, SARS, and recently post-COVID-19
in elderly patients (probably due to a-synuclein
accumulation and autoimmune cross-reaction caused by
viral infections) [6, 11, 14]. There is concern that COVID-19
may provoke a new wave of neurodegenerative diseases in
susceptible patients [43]. Whether COVID-19 predisposes
to worsening of pre-existing chronic neurodegenerative
brain conditions, or whether chronic consequences of
COVID-19 are more common in these patients deserves
further investigation [11, 37, 43].

In addition, isolated chronic central nerve dysfunction
(SARS-CoV-2 can enter the CNS via the olfactory nerve),
such as anosmia, dysgeusia, or ageusia, common early
symptoms of acute COVID-19, may persist long after acute
infection [12, 31, 33, 34], this is associated with higher
bilateral volumes of gray matter in the olfactory cortex [34].

Diabetes mellitus (DM) is a well-known risk factor for
severe acute COVID-19. SARS-CoV-2 induces a pro-
inflammatory state [16], and cytokine storm is more
common in diabetic patients [2], leading to pancreatic
damage and hyperglycemia [2], which can be exacerbated
by corticosteroids. Long-term follow-up is needed to assess
late-onset DM in patients without such a history who
develop hyperglycemia during the acute phase of COVID-
19. The hidden effects of SARS-CoV-2 in the adrenal,
thyroid/parathyroid, and pituitary glands are not well
understood. Cases of subacute thyroiditis and the
emergence of autoimmune diseases, including Graves'
disease and Hashimoto's thyroiditis, have been reported
following COVID-19 [7, 36]. Home isolation during self-
isolation can lead to low levels of vitamin D and impair
immunity. Several patients have had abnormally low vitamin
D levels and elevated parathyroid hormone levels 8 weeks
after onset of COVID-19, which may also have a clinically
significant impact on bone health [44, 52].

Conclusion.

It is critical to determine which patients are at risk and
which will require long-term follow-up for long-term COVID-
19. There is a great need for strategies around screening
processes, resource provision, approved pathways of care
and multidisciplinary rehabilitation services.
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